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Strings as unified theories
The recent LEP precision measurements of the Standard Model (SM) gaugecoupling parameters have confirmed [1] the remarkable agreement with the expectations from supersymmetric grand unification [2] , [3] . If taken seriously, this agreement would suggest the existence of a supersymmetric GUT like SU (5) or SO(10) beyond an energy scale M X ≡ 10 16 GeV.
While the prediction for sin 2 θ W in these models works remarkably well, one must recall, however, that these theories have several important theoretical problems. Perhaps the more severe one is that of understanding the huge mass splitting between the Higgs doublets of the theory and the colour triplet chiral fields which come along in any GUT scheme (the doublet − triplet splitting problem).
It is not just that we do not understand why this splitting occurs; the worst problem is that the mechanisms considered up to now destroy the hierarchy of masses, i.e. give, either at tree level or in loops, a huge mass to the standard Higgs doublets. The simplest example of this fact is just the minimal SUSY-SU (5) model with SUSY-breaking soft terms. There you get doublettriplet splitting by fine-tuning of the couplings λ and µ in the superpotential λφ 24 H 5 H5 + µH 5 H5. However once SUSY is broken you get soft SUSY-breaking couplings Amλφ 24 H 5 H5 + BmµH 5 H5, where A, B, m are independent SUSYbreaking parameters. Now the fine-tuning that guaranteed the masslessness of the Higgs doublets in the superpotential is spoiled by the contribution of the soft terms which, for generic A, B, gives a huge mass to the Higgses . This is not just a problem of the minimal model but appears to be quite generic in SUSYGUTs, although it sometimes appears only at one loop or two loops [4] . The origin of the problem is that soft susy-breaking terms spoil the hierarchy whenever there are fields that couple both to the doublets and other supermassive fields. Apart from this generic problem, it is also well known that usual GUTs have difficulties with their predictions for quark-lepton masses of the first two generations. Furthermore, the breaking of the GUT symmetry generally requires huge Higgs representations, especially if one wants to get consistent quark-lepton mass spectra.
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In view of the problems reviewed above, one should take the success of standard SUSY-GUTs with a grain of salt. There are further theoretical reasons to believe that such schemes are too naive to be true. To start with, the standard coupling of these theories to N = 1 supergravity (required in order to obtain the appropriate soft terms in a natural way) leads to a non-renormalizable theory.
Although below the Planck mass one can deal with a renormalizable effective Lagrangian, eventually one will have to face the problem of a non-renormalizable quantum gravity.
Four-dimensional supersymmetric strings are obvious candidates for unified theories since they provide us ,in principle, with the first finite theories of all interactions, including gravity. However, string theory is not a model for unification, it is an alternative to field theory itself. Below the string scale (≃ M P lanck ) one expects to describe the low-energy physics in terms of some standard field theory, presumably some sort of N = 1 supergravity Lagrangian coupled to the standard model (or some of its gauge extensions). The actual challenge is trying to see what constraints (if any) should obey such a Lagrangian because of its stringy origin. Asking for a model-independent test of string theory is perhaps too much in the same sense as asking for a model-independent test of f ield theory (without any reference to the actual interactions realized in nature) is itself hard! But one can easily see that the building of string versions of the standard model or of possible extensions is quite constrained: string model building has its own rules. Symmetries such as superconformal and modular invariance on the worldsheet as well as target-space duality symmetries substantially constrain the particle content and interactions of the string models.
There are several techniques to build 4-D strings, and typically a given model may be constructed in several different ways [5] . Several examples of 4-D string theories with three generations of quarks and leptons (plus extra exotics) exist in the literature [6] , [7] , [8] , [9] . Very often (maybe always [10] ) one can derive the four-dimensional string starting from the 10-D heterotic string and compactifying the 6 extra dimensions into an unobservable space with overall size R ≡ 1/10 18 GeV −1 . The massless sector of the theory contains the standard pure N = 1 supergravity particles, plus gauge particles and matter fields. There are essentially three types of massless matter fields in the massless sector: i)
Charged matter fields φ α . These include the standard quark, lepton, and Higgs superfields.
ii) The moduli fields T i . These are massless fields, which are singlets under the observed gauge interactions. Some of them are associated to the size and shape of the compactifying manifold. In particular, the real part of one of them (usually denoted T ) is related to the compactification radius (ReT = R 2 ).
iii) The dilaton field S. This is a singlet field whose real part is related to the tree-level gauge coupling constant (ReS = 1/g 2 ). One of the specific features of 4-D strings is that coupling constants are in fact fields whose vacuum expectation values correspond to the measured values. The couplings depend on the dilaton field S as well as on the moduli fields T i . Unfortunately these fields have a vanishing scalar potential in perturbation theory and hence we need a certain knowledge of the non-perturbative effects which may eventually determine < S > and < T i >. However, we may still get relationships amongst different coupling constants assuming that eventually the dynamics will fix those vev's (some recent ideas about how this may happen are discussed below).
One important point to remark is that, in string theory, gauge interactions are necessarily unif ied even in the absence of a unification gauge group such as SU (5). Thus, for instance, if one builds an SU (3) × SU (2) × U (1) string, the gauge coupling constants are unified with the Newton coupling constant as follows [11] :
where k i are the Kac-Moody levels of the U (1), SU (2) and SU (3) factors and α ′ is the inverse of the string tension squared. For the case of SU (2) and SU (3), the levels are integer numbers. For the case of U (1), the level k 1 is just a normalization factor of the hypercharge, and it is a rational number in the specific models constructed up to now. Most of the string models constructed up to now have non-Abelian Kac-Moody levels = 1. Concerning k 1 , many models have in fact k 1 > 5/3. The boundary condition of standard GUTs is obtained for
1 , but other possibilities are in general allowed in a non-unified
Duality symmetries
It has been realized in the last three years that in generic 4-D strings the spectrum and interactions are invariant under certain discrete infinite groups called duality symmetries [12] . Those are transformations in the space of the moduli T i which also induce T i -dependent transformations in the rest of the massless chiral fields. In the case of the overall modulus T ≡ R 2 + iη, the discrete group has two types of generators: i) One that relates small and large R 2 and ii) a sort of discrete Peccei-Quinn symmetry under which T → T + i. The first symmetry is remarkable because it tells us that there is a minimum physical scale below which the physics will be just equivalent. The prototype duality symmetry is target space modular invariance which is present in orbifold-like 4-dimensional strings. This symmetry acting on the overall modulus T is given by the class of transformations
This corresponds to the discrete infinite group SL(2, Z) generated by T → 1/T and T → T + i. It has been shown that this is a symmetry of the string spectrum and interactions order by order in perturbation theory [13] on the string coupling constant (S). In what follows we are going to concentrate on this specific example of duality symmetry, which is the one relevant for one of the largest known classes of 4-D strings, that of Abelian Z N [14] , [6] and
Since the string theory is invariant under this symmetry, the effective lowenergy Lagrangian will also be invariant under it. In the case of an N = 1 supersymmetric model, the Lagrangian will be determined by three functions:
the Kahler potential K(φ α , T i , S), the superpotential W , and the gauge kinetic function f . Considering, for simplicity, the dependence on the overall modulus T , it is well known that the tree-level Kahler potential for orbifold-type 4-D strings has the form [16] , [17] , [18] :
to first order in the φ's. The n j 's are integers (n j = −1, −2 for untwisted and
twisted matter fields. Those values are increased or decreased in units depending on the number of twisted oscillators involved in the vertex [19] , [20] ). Since the S, T fields have no superpotential (order by order in perturbation theory), one can see that the complete superpotential will be a holomorphic function of φ α and T , W (φ α , T ). The complete Lagrangian depends on K and W only through the combination
One can check that G is invariant under the modular transformation (2) provided the matter fields φ j and the superpotential W (φ j , T ) transform like
where δ is a phase which is irrelevant for our purposes. One says that the superpotential transforms as a modular form of weight −3 and the matter field φ j transforms as a modular form of weight n j .
Apart from its theoretical importance, duality symmetries are important because the effective low-energy Lagrangian has to respect this symmetry at the tree level and in loops. This invariance has been checked explicitly at the tree level [21] in orbifold compactifications and also in some one-loop computations [22] , [23] . More importantly, there are reasons to believe that the symmetry is also respected by non perturbative ef f ects, i.e. it may be broken spontaneously but not explicitly [24] , [25] . This has important consequences since e.g., if some non-perturbative superpotential is generated, it will have to be a modular form of weight −3. Since the type of modular forms available is very limited, one can use this information to guess the form of the possible non-perturbative effects [25] (see below). One can also impose one-loop invariance under modular transformations, i.e. cancellation of duality anomalies, in order to constrain the possible massless multiplets present in a given model [20] . Thus, for example, it can be seen that one cannot possibly build a Z 3 or Z 4 model in which the only massless fields with non-vanishing quantum numbers under the standard model are those of the minimal SUSY model [20] . Such a model would necessarily have duality anomalies. Owing to these facts, duality symmetries are important ingredients to
trace the stringy origin of a given low-energy effective field theory. We will now
show the importance of these symmetries in several different phenomenological contexts.
String unification of coupling constants
As we mentioned above, gauge coupling constants are unified in string theory even in the absence of a unification group such as SU (5). However, the Planck scale boundary conditions depend on the values of the k i 's. If we have a string with some sort of grand unification structure, one expects to have k 3 = k 2 = 3/5k 1 , leading to the standard GUTs boundary conditions. Nevertheless those boundary conditions are also possible in direct
is very common in specific models whereas getting
is typically non-trivial). The actual success of the standard GUTs boundary conditions makes it advisable to construct strings with that property.
Unlike GUTs, in which one computes the unification mass in terms of the crossing point of two running coupling constants, in strings we do know the string unif ication scale since it is related to the Planck mass in a known way.
In the M S scheme one finds [26] , [27] M string = 0.7 × g string × 10 18 GeV. Below this scale the couplings are renormalized in the usual way [28] . The one-loop running gauge coupling constant of a gauge group G a is of the following form:
Here
is the N = 1 β-function coefficient and ∆ a represent possible threshold effects at the unification scale. Now, since we do know the unification scale, by running coupling constants down to low energies one can compute not only sin 2 θ W (M W ) but some other gauge coupling, e.g.
. If one assumes the particle content of the minimal SUSY-SM and the big desert hypothesis, one gets (neglecting threshold effects) [29] , [30] :
Both numbers are several standard deviations away from the measured values (sin 2 θ W exp = 0.233 ± 0.0008, α 3exp = 0.115 ± 0.007). There are three main (10) is at work. This has the very same problems of the standard SUSY-GUTs that we discussed above. It also requires the use of higher Kac-Moody levels (k 5 ≥ 2), which is both technically complicated and phenomenologically problematic [31] , [32] . ii) There are additional massless chiral particles on top of the ones of the minimal SUSY-model.
This was considered in ref. [33] and more recently, in the context of strings, in [30] . iii) We stick to the minimal low-energy content of the standard model, but the string threshold effects ∆ a are important and correct for the disagreement with experiment [29] . Notice that the string threshold gives potentially large corrections since it involves an infinite tower of massive states.
The second possibility is perfectly possible, although one will eventually have to explain how and why the required extra particles (and no others) remained light. From the point of view of pursuing minimal things first, the third possibility would be more attractive. In the field theory case Weinberg provided a long time ago a formula [34] , [35] to compute the threshold effects in usual GUTs (in the M S scheme):
where V, F, S refer to vector, fermion, and scalar heavy particles, respectively, and T a are the quadratic Casimirs of those particles. As we can see, in order to compute the threshold effects we need to know two things: i) The complete spectrum of heavy particles and ii) their quantum numbers with respect to the unbroken gauge group. If we want to do something similar in string theory we will thus need a detailed knowledge of the supermassive spectrum (i.e. the complete one-loop partition function). Of course, this will be something very model dependent in general. Such a computation was worked out in the case of orbifold 4-D strings in ref [26] . These corrections are small, as is usually the case in field theory. However, in certain situations (when there are massive modes whose mass explicitly depends on the compactification radius R 2 ), the threshold string corrections may be very large. This comes about because the gauge kinetic − 8 − function f (whose real part equalls 1/g 2 ) gets dependent on the moduli T i at one loop (it is just = k a S at the tree level). This fact was already realized a long time ago, using scale-invariance arguments which lead one to expect (for large R 2 ) one-loop-corrected f -functions [36] :
, where ǫ a are small group-dependent coefficients. 
where η(T ) is the Dedekind function and b ′ a is given by [19] , [37] 
where C(G a ) is the quadratic Casimir in the adjoint (e.g. = N in SU (N )) and n j are the modular weights of the matter fields. The sum in (11) runs over all massless fields with G a quantum numbers. The Dedekind function admits a large T expansion η(T ) ≃ e −πT 12 (1 − e −2πT + ...) and in such a limit we recover eq. (9) with ǫ a ≃ −b ′ a /(48π). The one-loop T -dependent piece in (10) may be understood as a threshold correction due to the string massive modes with a T -dependent mass. One thus finds for the string threshold corrections
where T R = T +T = 2R 2 . The extra piece, log T R , is in fact related to the massless fields. This extra dependence on ReT originates in one-loop graphs involving only massless fields and it is there [37] , [19] 
where A is given by A ≡ k2 k1 b 1 −b 2 and A ′ has the same expression after replacing b i → b ′ i ; α e is the fine structure constant evaluated at a low-energy scale µ (e.g. µ = M Z ). In an analogous way one can compute the low-energy value of the strong interactions fine-structure constant α s
where (13)and (14) . Defining γ = B ′ /A ′ one finds that reasonable results can be obtained for sin 2 θ W and α s provided [29] 
where sin 2 θ 0 W and α s 0 are given by (7) . Allowing for experimental errors one finds the numerical constraint 2.2 ≤ γ ≡ B ′ /A ′ ≤ 4.0. In addition, in order for the threshold corrections to have the correct sign one needs A ′ > 0, B ′ > 0. If all these conditions are met, there is always a value of R 2 such that one gets good agreement with experiment (of course, one has to check that R 2 is not so large that the threshold corrections are too big and even dominate the tree-level coupling constant!). Equation (15) translates through eqn. (11)into a constraint on the modular weights n j of physical quark, lepton, and Higgs superfields which can be used to constrain specific 4-D string models (see ref. [20] ). The reader can check that a possible satisfactory solution is obtained if , for instance, R 2 ∼ 16 (in string units) and one has family-independent modular weights n Q = n D = −1;
n U = −2; n L = n E = −3 and n H + nH = −5. Many other possibilities exist depending on the available modular weights in each orbifold model. This latter point is crucial and one can see that many possibilities can be ruled out in this way [20] . For example, if only the overall modulus T is considered, the minimal scenario discussed above is not possible for any Z N orbifold (the situation changes if the three different T j planes and/or larger Kac-Moody levels are considered) [20] .
The conclusion of the above analysis is that string threshold effects can make the predictions for sin 2 θ W and α s fit to experimental results for moderately large values of R 2 , provided an orbifold with the minimal particle content and apropriate modular weights exist (of course, extra particles without standard model quantum numbers are always allowed). The other obvious alternative [33] , [30] , is having a particular set of extra massless matter fields . But even in this case the threshold corrections could be important and it could well be that both things were present in the actual case chosen by nature [20] . Notice equations (13), (14) are valid for arbitrary low-energy particle content, and it is likely that both − 11 − a modification of the massless particle content and the contribution of large Tdependent threshold corrections were required to fit the data without intruducing new intermediate mass scales in the theory [20] .
Duality-invariant supersymmetry breaking
Another relevant problem in which duality seems to play an important role is that of supersymmetry breaking in string models. Specific 4-D string models very often come with extra "hidden" gauge interactions which couple to the observed particles only gravitationally. It was suggested [38] , [39] that if this hidden sector is strongly interacting, gaugino condensates < λλ > could form and give rise to spontaneous supersymmetry breaking. An intuitive way to describe this low-energy phenomenon is through a non-perturbative (recall ReS = 1/g 2 ) superpotential of the form W (S) = e 3S/2bH , where b H is the β-function coefficient of the hidden gauge group H. This mechanism seems attractive, since the exponential factor could in principle generate the required small supersymmetry breakdown. However, it was soon realized that this scenario as discussed in ref. [38] , [39] had several problems. 1) There is no stable (non-trivial) minimum for the dilaton field ReS.
2) It is not clear what dynamics could fix the size of the compactified variety ReT since W (S) does not depend on T . Furthermore, from the discussion in previous sections, it is also clear that a potential like W (S) = e 3S/2bH cannot possibly be an effective superpotential from superstring theory. Indeed, such a superpotential is invariant under duality, whereas
we learned that any superpotential should transform as a weight −3 modular form !
It has been recently realized [25] , [40] that a gaugino condensation mechanism for supersymmetry breaking can be naturally formulated in a manner consistent with duality invariance. Furthermore, this provides a solution to the second problem above, i.e. the dynamical determination of the compactification scale
ReT . Let us consider for simplicity the case of a condensing gauge group without chiral matter fields. In this case one has b ′ H = −b H (see eq. (11)) and f H = S − bH 8π 2 log(η 2 (T )). Now, the relevant effective non-perturbative superpotential − 12 − can be estimated to be [25] W (S, T ) = e 3fH (16π
This superpotential has now two interesting properties. First, it explicitly depends on the T field. The existence of such a T dependence of the gaugino condensation superpotential was already remarked in refs. [36] , [41] but in that case the large T limit formula for f , eq. (9), was used and the corresponding scalar potential was unstable [41] . The second interesting property is that now 
where S R = 2ReS, T R = 2ReT and Ω S = ∂Ω/∂S. Here the functionĜ 2 is the weight-2 Eisenstein function which admits the expansionĜ 2 ≃ −2π
TR + π 2 3 − 8π 2 e −2πT −..... From the form of the potential one can already draw some general conclusions. In the decompactification limit T R → ∞ (and its dual T R → 0), the potential diverges (V → ∞) since the product T 3 R |η(T )| 4 vanishes exponentially at both points, andĜ 2 → π 2 /3 as T R → ∞. Thus, if gaugino condensation takes place, the theory is f orced to be compactif ied. The origin of the divergence for T R → ∞ has a clear physical meaning [42] : for large radius R an infinite number of Kaluza-Klein excitations (with masses ∼ n 2 /R 2 , n ∈ Z) become massless and contribute to the effective coupling constants, which in turn diverge. Because of duality, the same arguments apply for T R → 0 replacing Kaluza-Klein excitations by winding modes. Another interesting property of the potential is its periodicity in ImT (direct consequence of T → T + i invariance). The minimum of such a potencial is at ImT = integer, leading to purely real soft SUSY-breaking terms in the effective theory. This might be interesting in trying to understand the CP-violating properties [43] of this effective theory. [44] . This new S − duality will relate strong to weak coupling (S → 1/S) and contain a new discrete Peccei-Quinn-type symmetry (S → S + i).
If such a symmetry (or some generalization) was present in the effective lowenergy theory one would expect background values S −1 R ∼ g 2 ∼ 1, not far away from the self-dual point. This is not very different from the estimations of the values of the gauge coupling constants at the unification scale (notice that g GU T is of order ∼ 0.7 if one extrapolates the measured low-energy values). In fact this would provide an explanation for why indeed the measured coupling constants are so close to one and not to any other, e.g. much smaller, value. It is anyway not unreasonable to think that, independently of the dynamics which eventually fix the value of < S >, the T -duality of the effective action will force the theory to be compactified. Notice also that once the T field gets a vev, duality is generically spontaneously broken [25] .
In the above discussion I have considered the simplest possibility of a matterless condensing gauge group and focused only on the generic fields S, T . The more general case with matter fields [45] and several orbifold moduli T j can also be considered arriving at similar qualitative properties. A further complication arises in some cases if the dilaton field ReS gets mixed at one loop with the T j fields in the Kahler potential [37] . Except for some limiting cases (the Z 3 and Z 7 orbifolds) the above simplified discussion gives the correct qualitative answer.
More generally [42] invariant function j(T )) which give rise to a vanishing cosmological constant [42] . On the other hand, if there are matter fields coupling to the condensing gauge group in the gaugino condensation mechanism, H may explicitly depend on those matter fields.
Soft SUSY-breaking terms and duality invariance
It is well known that when supersymmetry is broken in a "hidden" sector of the theory, the physical world feels the breaking of SUSY through the existence of explicit SUSY-breaking soft terms (gaugino masses M α , scalar masses m 2 , trilinear scalar couplings A j , etc. [46] ). In general the form of those soft terms is expected to depend on the way in which SUSY-breaking takes place and on the particular 4-D string considered. If the idea of low-energy supersymmetry is correct, the soft terms should eventually be measured at accelerators. It would thus be very important to find theoretical constraints on these terms coming from generic string properties like duality in order to check the theory. Even if one were unable to obtain model-independent predictions for those quantities, knowing the relation between given classes of 4-D strings and the resulting soft terms would perhaps allow us to rule out (or rule in !) large classes of models.
It turns out that in some simple situations something can be said about the soft SUSY-breaking terms in a relatively model-independent way, at least within the class of orbifold-like 4-D strings [20] . Consider, to start with, the case of gaugino masses and take again the simplified model with just S, T as moduli fields. Let us assume that supersymmetry breaking takes place in this singlet S, T sector, as in the scenarios discussed in the previous section. The gaugino masses M α are then given by
where h S * = G S * e G/2 is the S auxiliary field and h T * is the corresponding T auxiliary field. Using eq. (10), one can easily obtain an expression for each − 15 − gaugino mass of the form
where M 0 , M ′ are gauge-group-independent quantities which depend on the details of supersymmetry breaking. The gauge-group dependence comes only through k α and b ′ α . Consider now the phenomenologically interesting case with gauge group SU (3) × SU (2) × U (1). One can easily write down combinations of gaugino masses in which the dependence on M 0 , M ′ drops out. A particularly interesting one is the following
where A ′ , B ′ , and γ were defined in section 3. (Notice that here γ is given by a ratio of combinations of b ′ s; we are not necessarily imposing the constraint in eq.
(15) which is required in order to explain the experimental results for sin 2 θ W and α s in terms of string threshold corrections. We are not assuming a large
ReT value either.) From eq. (20) one can obtain the general constraint amongst gaugino masses (assuming the standard k α s) [20] 
This equation applies at the unification scale and is authomatically satisfied by the standard "minimal" GUT constraints M 3 = M 2 = 3/5M 1 but allows for more general possibilities depending on the model dependent parameter γ. Thus if one wants to understand the measured values of sin 2 θ W and α s in terms of string threshold corrections one must have, as we discussed in section 3, 2.2 ≤ γ ≤ 4.0 ( one has γ = 25/7 if one further imposses joining of coupling constants at the minimal model value M X ∼ 10 16 GeV). In models in which b ′ α = −b α (as in the case of Z 2 × Z 2 orbifolds) one has γ = B ′ /A ′ = B/A and hence one can compute γ by simply knowing the low energy field content. Thus, for example, in the models of ref. [33] and [30] in which one adds particular extra fields in order to obtain adequate coupling unification, one can explicitely compute [20] the values of γ.
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A first lesson to be learned from the above discussion is that, in string models, there can be non-universal contributions to soft terms and, in particular, to gaugino masses. I believe that eq. (21) provides us with a useful parametrization for departures from gaugino mass universality, since a measurement of γ gives us useful l information about the underlying string models. Of course, we have considered above a case with only one relevant modulus T and neglected the effect of matter fields in supersymmetry breaking. More general situations in which the above arguments still hold are considered in ref [20] .
One can also obtain some interesting results for the soft SUSY-breaking scalar masses m 2 j . Indeed, using the Kahler potential of eq. (3) and assuming some generic non-perturbative superpotential, one can compute [42] the corresponding scalar potential V φ in the presence of matter fields φ j . Expanding V φ to quadratic order in the matter fields one gets
where V 0 has a generic form as in eq. 
where m 3/2 is the gravitino mass, V 0 is given by eq. (17) (and is essentially the cosmological constant), and m 0 2 is some model dependent mass parameter.
As we did in the case of gaugino masses one can take linear combinations and ratios to isolate the dependence on the modular weights. Of course, the situation becomes more complex if one considers the dependence on other T j moduli and if the matter fields themselves get involved in the process of symmetry breaking.
Anyway, the moral of eqs. (23) and (21) is clear: in generic string models SU SYbreaking sof t terms are not in general universal but vary from particle to particle. Since a certain degree of universality is required from phenomenology (e.g. suppression of flavour-changing neutral currents), this may also lead to the elimination of large classes of string models. We have shown above how in a large class of models (Abelian (0, 2) orbifolds) the duality symmetry plays an important role in understanding some phenomenologically interesting questions such as gauge-coupling unification, supersymmetry breaking, and the nature of soft SUSY-breaking terms. Some specific string models and/or particle content assumptions may be ruled out by using these duality arguments.
We think that it is important to keep advancing in determining the form of the effective low-energy Lagrangian from 4-D strings and, in particular, the generalized duality symmetries present in non-orbifold models. With this knowledge one should, in principle, be able to constrain in a substantial way the expected form of the effective Lagrangian. If the idea of low-energy supersymmetry is correct, future accelerators will detect and measure in detail the masses of the sparticles and hence important experimental information on the SUSY-breaking terms will be available. In the context of 4-D strings, these soft terms encode important information on the structure of the underlying theory. It will then be an important challenge to learn to read this important information from these experimental data and to draw the corresponding conclusions concerning the underlying string theory.
